We investigate the effect of unparticles in the pure annihilation type decays B − → D − s φ and
There are many discrete massive particles in reality which can exist in a scale noninvariant theory as in the case of the standard model (SM) whereas, in a scale invariant theory, in four space-time dimensions, the mass spectrum of fields is continuous or zero. Recently, Goergi [1] suggested that there could be a possibility that the scale invariant sector (termed as unparticle) indeed exists but might have been undetected so far as the intermediate particles mediating these two sectors are believed to be very heavy. The standard model fields might be scale invariant at high energy but scale invariance might have been broken somewhere above the electroweak scale. However, here the SM is taken to be scale non-invariant all the way up to high energy. Now let us consider a scenario in which there exist the scale invariant sector with nontrivial infrared fixed point at high energy, which is represented by the Banks-Zaks (BZ) fields [2] , and also the SM fields. Thus, the high energy theory contains both the SM fields and the BZ fields, which interact via the exchange of particles of mass M U with the generic
where O SM is the operator of mass dimension d SM and O BZ is the operator of mass dimension d BZ made out of SM and BZ fields, respectively. The couplings of the BZ fields cause dimensional transmutation and below the scale Λ U the BZ operators match onto the unparticle operators leading to the interaction between the SM and the Unparticle sector of the type
where C U is a coefficient in the low energy effective theory and O U is the unparticle operator with scaling dimension d U . Furthermore, M U should be large enough such that its coupling to the SM fields must be sufficiently weak, consistent with the current experimental data.
Unparticle stuff with scale dimension d U looks like a non-integral number d U of invisible massless particles. Unparticle, if exists, could couple to the standard model fields and consequently affect the low energy dynamics. The effect of unparticle stuff on low energy phenomenology has been extensively explored in Refs. [3, 4, 5, 6] .
A clean signal of the unparticle stuff can be inferred from various analyses, e.g., the missing energy distribution in mono-photon production via e − e + → γU at LEP2 [3] and direct CP violation in the pure leptonic B ± → l ± ν l modes etc. [5, 6] . [7] .
Furthermore, since the decay amplitudes of these modes have contributions arising only from annihilation diagrams, the direct CP asymmetry parameters in these modes are identically The effective Hamiltonian describing such transitions is given as
where C 1,2 are the Wilson coefficients, α and β are the color indices, q = s(d) for the final state meson φ(K * 0 ). Thus one can obtain the transition amplitude for these processes as
where V denotes the final vector meson φ/K * 0 ,
− is the matrix element of the four quark current operators between the initial and final mesons. The evaluation of this hadronic matrix element is not possible from the first principles of QCD and one requires some additional assumptions to determine it. Since, in this paper, we are interested to see the effect of unparticles in the CP violation asymmetries, we will not pay much attention for its evaluation. However, if one resorts to the generalized factorization approach then one can factorize this matrix
The first element can be related to its corresponding crossed channel as
Using Lorentz invariance, these matrix elements can be represented in terms of form factors and decay constants, as defined in [9] . Thus one can obtain the transition amplitude as
The corresponding branching ratio is given as
where p c is the c.o.m. momentum of the emitted particles in the B rest frame.
Now we would like to see how unparticle stuff will affect the transition amplitudes. Here, we assume that the charged unparticles mediate the interaction between the initial and final mesons. The possible existence of charged unparticles and their consequences have been recently discussed in Refs. [5, 6] . It is well known that, depending on the nature of the original BZ operator O BZ and the transmutation, the resulting unparticle may have different Lorentz structure. In our analysis, we consider only the scalar and vector type unparticles.
The coupling of these unparticles to quarks is given as
where O U and O The propagator for the scalar unparticle field is given as [1, 3] 
where
, and
Similarly, the propagator for the vector unparticle is given by
The interesting thing in these propagators is the presence of the new CP conserving phase φ U , which leads to a spectacular interference pattern and hence can exhibit nonzero direct CP violating effects in many rare decay channels. Here it should be noted that the vector unparticle will not contribute to the decay channels considered here. This is because, the contraction of P µ arising from axial coupling i.e., 0|A µ |B − with the (−g µν +P µ P ν /P 2 ) term in the vector unparticle propagator gives vanishing contribution, while the vecor coupling 0|V µ |B − is identically zero. Therefore, only scalar type unparticles will contribute to these rare decay modes. Thus, the contributions arising from scalar unparticle exchange is given as
where λ = (c ub S c cq S ) and X is the hadronic matrix element. Now, including the unparticle contributions, one can write the transition amplitude as
where γ is the weak phase of SM amplitude i.e., we have used V ub = |V ub |e −iγ . Furthermore, r denotes the magnitude of the ratio of unparticle to SM amplitude and is given as
Thus, we obtain the CP averaged branching ratio Br
, including the unparticle contributions, as
where Br SM is the SM branching ratio. It should be noted that since the direct CP violation in these modes is zero in the SM, the SM CP averaged branching ratio is same as Br(
The direct CP violation parameter, which is related to the difference of the partial decay rates, given as
We now proceed to evaluate the SM branching ratios using the QCD factorization approach.
Although the QCD factorization predictions for annihilation contributions suffer from end point divergences, and therefore have large uncertainties, but one can still have an estimate on the order of the branching ratios. In this approach, the annihilation amplitudes are parameterized as [10] 
, with C F = 4/3 as the color factor and N c is the number of colors.
X A denotes the end point divergences which can be parameterized as
For the numerical evaluation, we use the particle masses, lifetime of B − meson and the CKM elements V ub = (3.96 ± 0.09) × 10 −3 , V cs = 0.97296 ± 0.00024, V cd = 0.2271 ± 0.0010 from [7] . The decay constants (in GeV) as f Ds = 0.294 [7] , f φ = 0.237 [11] , f B = 0.2,f K * = 0.218, [10] , the current quark masses (in GeV) as m b = 4.2, m c =1.3, m s =0.08 [10] . We use C 2 = −0.295 [12] evaluated at m b /2 scale at next-to-leading order, ρ A = 1 and
• [10] for the annihilation parameters. Thus we obtain the branching ratios as Unparticle physics associated with a hidden scale invariant sector at a higher energy scale with a nontrivial fixed point has received significant attention in a short span of time.
Many interesting unparticle specific signatures have been pointed out. In this work, we have explored another situation where we can expect clean unparticle signatures. We have studied the phenomenology of unparticle physics in the rare B decay channels B − → D 
